Context: Scapular dyskinesis has been identified as a possible risk factor for injury in overhead athletes. There is a need to develop a simple, inexpensive, time-efficient field-based test that can establish the presence and severity of both scapular dyskinesis and its individual components in a musculoskeletal preparticipation screening. To ensure confidence in the test results, high reliability must be displayed. Objective: To establish the intertester and intratester reliability of a simple field-based screening tool for scapular dyskinesis. Design: Reliability study. Setting: Athletic therapy facilities. Participants: 15 physically active men (19.46 ± 0.63 y) free from any orthopedic or neurological disorders, recruited from a convenience sample of college students. Intervention: Testers underwent 3 training sessions where the instructions and scoring system of the test were explained, demonstrations of the tests were given, and opportunities to practice the test were provided. Three testers independently rated 3 trials, and the process was repeated at the same time the following week. Main Outcome Measures: Scapular dyskinesis was assessed using the following components: winging, loss/lack of control when lifting, loss/lack of control when lowering, and scapular asymmetry. A 0-3 rating (0 = no issue, 1 = slight issue, 2 = moderate issue, 3 = severe issue) was provided by the tester independently on each side separately and on scapular asymmetry. The intraclass correlation coefficients (ICCs), 95% confidence intervals, and standard error of measurement (SEM) were computed to establish reliability. Results: Excellent ICC values were found for intertester reliability (ICCs .80-1.00) and good to excellent intratester reliability (ICCs .60-1.00 for tester A, .63-1.00 for tester B, and .75-1.00 for tester C) for all components of the test. The SEM was not found to be clinically significant. Conclusions: The simple field-based screening tool developed to assess scapular dyskinesis demonstrates high reliability and so is a reliable tool to use in preparticipation screenings. Future research should establish its validity.
Shoulder injuries frequently occur in overhead athletes for whom throwing or overhead striking movements are common. 1, 2 Adequate scapular control and symmetry are required for effective motion of the shoulder, to provide a stable base for activation of the rotator-cuff muscles, and they are a vital link in the kinetic chain of the shoulder. 3, 4 Scapular dyskinesis is a visible alteration in the position or motion of the scapulae that may alter scapulohumeral rhythm and shoulder arthrokinematics, potentially predisposing to injury. [4] [5] [6] [7] While reliable methods of assessing scapular dyskinesis have been reported, there are inherent problems with these tests. Kibler et al 7 developed the first visual-assessment test by rating participants into 4 patterns of dyskinesis while patients abducted and elevated in scaption. However, the categories are not exclusive and can often occur concurrently, 8 so the tester is forced to pick a dominant pattern, 7 which is an inherent source of error. 3 Uhl et al 6 proposed a yes/no method, whereby a participant was rated as presenting with scapular dyskinesis or no abnormality. While this test was valid, it produced poor specificity, which indicates an increased likelihood of false positive findings. 6 McClure et al 8 proposed a graded system that evaluated each scapula independently for the presence and severity of scapular dysrhythmia and winging. However, it assessed all components together and grouped results into normal motion, subtle abnormality, and obvious abnormality. 8 Thus, a screening test that uses a more comprehensive measurement of scapular dyskinesis, rates each component independently, and does not force testers to identify just a single pattern of dyskinesis is necessary.
To confidently interpret the results of the test, it must demonstrate high reliability. 9 This study aimed to develop and establish the reliability of an inexpensive, simple, and time-efficient field-based screening test that is suitable to administer to a large number of players, as previously recommended. [10] [11] [12] JSR Technical Reports, 2016
Methods
The scapular-control test was designed by a biomechanist, sports-medicine physician, and 2 certified athletic rehabilitation therapists with experience in preparticipation screenings. Content validity was established by holding meetings to discuss the limitations of previous tests, identify methods of circumventing these limitations, and ensure that the developed test addresses all components of scapular dyskinesis and is accurate and easy to administer. The test is completed in abduction, because, clinically, abduction provokes more scapular dysfunction than other shoulder movements and is considered more functional, as the scapulae must move into the coronal plane during sport-specific tasks like throwing and overhead striking. 13 A pilot study examining the feasibility of implementing the test in physically active men (N = 63) as 1 component in a screening was completed. The test took 90 seconds to complete, demonstrating its viability as part of a screening.
Participants place their arms by their sides, palms facing their thighs and their scapulae and upper back visible to the tester. The tester stands 2 to 3 m behind the participant with a clear unobstructed view of the participant's scapulae. The participant slowly abducts the arms to 180° in 4 seconds and slowly lowers to the starting position at the same rate ( Figure 1 ). Three trials in total are completed per participant. The test is repeated if the motion is too fast or if full range of motion is not achieved. A 0-to-3 rating is given on both sides for winging, control when lifting and lowering, and symmetry of the scapulae; the higher the rating, the higher the severity of that particular component ( Table 1 ). The final score for each individual component was the most consistent score during the 3 trials.
Participants
Fifteen healthy, physically active men (19.46 ± 0.63 y, 1.80 ± 5.99 m, 75.67 ± 13.28 kg) were recruited from Loss of control that is consistently present (each rep) but that is regained during the movement.
Moderate asymmetry present during lifting and/or lowering.
Severe problem
Medial border visible, with severe sulcus present.
Loss of control that is consistently present (each rep) and is not regained at any point.
Severe asymmetry present during lifting and/or lowering.
a convenience sample of college students. Participants attended an information session where the testing procedure was explained, were advised to avoid sporting activity on testing days, and were provided with a plainlanguage statement and consent form. Ethical approval was granted by Dublin City University's ethics committee. Three qualified therapists with 5.7 ± 2.7 years of experience in screenings assessed reliability. Testers underwent 3 familiarization sessions. Initially, a presentation on scapular motion, scapular dyskinesis, instructions, and scoring system for the scapular-control test and videos of common abnormal motions were provided (see supplementary material attached to this PDF). Two practice sessions were then completed on 10 participants, with feedback on the test instruction and scores provided throughout. The primary investigator assessed the ability of each tester to score the test.
Procedures
The scapular-control test was assessed by testers at the same time to reduce variation between tests. No contact between testers was permitted. Two testing sessions occurred a week apart on the same day and time (2-5 PM).
Statistical Analysis
Intertester and intratester reliability was measured. Intraclass correlation coefficients (ICCs) and 95% confidence intervals (CIs) were computed using SPSS Version 20. A 2-way random-effects model with absolute agreement was used to calculate ICC 2,1 and was classified according to Fleiss 14 (poor, <.40; good, .40-.75; excellent: >.75).
Standard error of measurement (SEM) was calculated using the formula
Results
ICC values indicated excellent intertester and good to excellent intratester reliability ( Table 2 ). The SEM was not found to be clinically significant. Note: All measures were ordinal data: 0 = normal, 1 = slight, 2 = moderate, 3 = severe.
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Discussion
Four studies assessed intertester reliability of a visual assessment of scapular dyskinesis 3,6-8 with just a single study examining intratester reliability. 7 The current study found excellent intertester reliability, with a high ICC and low SEM value in all components of the test. The excellent ICC and SEM results in the current study were substantially better than noted using the kappa statistic in previous studies: fair to good (κ = .31, .42 6 (κ = .41). While good to excellent intratester reliability with low SEM values was found in the current study, the 95% CIs were widely distributed, particularly for symmetry, winging, and left control of scapulae when lowering. Intratester reliability was also lower than intertester reliability, which could be somewhat attributable to day-to-day variation 15 or testers not reviewing the specific instructions and scoring system for the test before the second testing session. Low intratester reliability is clinically significant as it indicates a reduced capability to accurately examine the effectiveness of a prehabilitation program based on the screening results. Cohen kappa was computed for intratester reliability in the current study to allow for direct comparison with Kibler et al. 7 The current study found moderate to very good reliability ( Table 3) that was similar to and higher than the moderate reliability reported previously (κ = .49, .59). 7 The lower reliability results in previous studies could be attributable to methodological issues including inadequate familiarization sessions, complicated scoring systems, poorly defined definitions of the components of scapular dyskinesis, or the use of video analysis. [6] [7] [8] Video analysis was used in 3 studies, which prevented viewing the scapulae from different angles or adequate appreciation of the 3-dimensional motion. 7 Three familiarization sessions were implemented, which is far more than in other studies, with Kibler et al 7 using a 10-minute familiarization session. A strong focus on tester training is necessary, as testers must consider 3 rotational and 2 translations of movement simultaneously due to the complex 3-dimensional pattern of motion during scapular-dyskinesis assessment. 6, 8 In addition, regarding intertester reliability, previous studies used Cohen kappa only, so we could not complete direct comparison using the same statistic as the current study examined reliability among 3 testers. The developed test is subjective in nature, and no objective measure (eg, electromagnetic tracking devices) is used in this test, which is a limitation; however, with adequate training, testers can minimize the error to an acceptable level as demonstrated by the high intertester reliability. It is also important that tests not use expensive equipment or long setup times, to maximize the implementation of scapular-dyskinesis assessments in screening protocols. Reliability was measured in men only as it was part of a large-scale preparticipation screening study in men, so research in women is necessary. The scapular-control test was not compared with a goldstandard 3-dimensional kinematic analysis, so further research on validity is required.
With sufficient training of 3 familiarization sessions (including 2 practice sessions), this study demonstrated high intertester and intratester reliability in certified therapists. Therefore, this is a reliable test to adopt as part of a preparticipation screening in sports involving overhead actions.
